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Abstract We investigated whether deﬁcits in social gaze
and affect and in joint attention behaviors are evident
within the ﬁrst year of life among siblings of children with
autism who go on to be diagnosed with autism or ASD
(ASD) and siblings who are non-diagnosed (NoASD-sib)
compared to low-risk controls. The ASD group did not
differ from the other two groups at 6 months of age in the
frequency of gaze, smiles, and vocalizations directed
toward the caregiver, nor in their sensitivity to her with-
drawal from interaction. However, by 12 months, infants in
the ASD group exhibited lower rates of joint attention and
requesting behaviors. In contrast, NoASD-sibs did not
differ from comparison infants on any variables of interest
at 6 and 12 months.
Keywords Autism  Broader autism phenotype 
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Introduction
Siblings of children with autism are at heightened risk for
developing an autism spectrum disorder (ASD) (Fombonne
2003; Ritvo et al. 1989) and milder difﬁculties in the
domains of social interaction and communication (Bailey
et al. 1998; Bolton et al. 1994; Pickles et al. 2000). Pro-
spective study of the development of these infants from the
ﬁrst months of life has thus increasingly been used as a
controlled and efﬁcient method for investigating both early
signs of autism (Landa et al. 2007; Sullivan et al. 2007;
Zwaigenbaum et al. 2005) and the broader autism pheno-
type (Cassel et al. 2007; Toth et al. 2007; Yirmiya et al.
2006). In the present longitudinal study, we explored
whether measures of social-communicative behaviors
exhibited while interacting with a caregiver at 6 months of
age, and joint attention and requesting behaviors in an
object-mediated interaction with an examiner at
12 months, tap early manifestations of autism and the
broader autism phenotype in this group.
Face-to-face interactions between infants and their
caregivers provide a natural and well-characterized context
within which to examine infants’ earliest capacities for
engaging with others. By 6 months of age, typically
developing infants use combinations of expressive behav-
ior in multiple modalities, including vocalization, facial
expression, and visual orientation (Messinger et al. 1999;
Weinberg and Tronick 1994; Yale et al. 2003) and coor-
dinate the timing of these behaviors with those of their
interactive partners (Cohn and Tronick 1988; Feldman
2003; Jaffe et al. 2001). In contrast, research with pre-
school age and older children with autism suggests they
rarely integrate gaze, gestures and affective displays to
communicate social intention (Dawson et al. 1990; Joseph
and Tager-Flusberg 1997; Kasari et al. 1990; Trad et al.
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DOI 10.1007/s10803-010-1051-61993). Studying face-to-face interactions between infants
at risk for autism and their caregivers provides a unique
opportunity to examine whether deﬁcits in the social use of
gaze and affect may be apparent as early as 6 months of
age.
To date, three groups have examined infants’ social-
communicative behaviors in the context of interacting with
the caregiver among infant siblings of children with autism
(Cassel et al. 2007; Ibanez et al. 2008; Merin et al. 2007;
Yirmiya et al. 2006). In all four studies, infants participated
in the Still Face Procedure (SFP), a structured paradigm in
which the caregiver is asked to withdraw completely from
interacting with the infant and assume a neutral expression
for a pre-speciﬁed period of time before resuming contin-
gent interaction (Tronick et al. 1978). Infants typically
react to the caregiver’s still face with signiﬁcant decrease
in eye contact and smiling and an increase in negative
affect (Adamson and Frick 2003), a reaction that has been
interpreted as reﬂecting their appreciation of a disruption of
positive co-regulation and a violation of social expectations
(Hains and Muir 1996; Tronick and Cohn 1989).
Employing the traditional face-to-face SFP, researchers
found that compared to low-risk controls, 6-month-old
siblings of children with autism smiled signiﬁcantly less
prior the caregiver’s withdrawal from interaction, dis-
played signiﬁcantly more neutral affect when their care-
giver resumed interaction (Cassel et al. 2007), and
produced fewer gaze shifts to and away from the caregiver
across the SFP (Ibanez et al. 2008). At 4 months, these
infants displayed signiﬁcantly more neutral affect across all
three episodes of the SFP (Yirmiya et al. 2006). Merin
et al. (2007) used eye tracking to examine infants’ gaze
patterns during the SFP as they interacted with caregivers
via a closed-circuit TV-video system. They identiﬁed a
subgroup of infants who spent a greater amount of time
looking at their mother’s mouth relative to her eyes, with
all but one infant in this subgroup coming from the autism
sibling group.
Although some differences in gaze and affective
expression between autism siblings and low-risk controls
have been reported across these studies, these differences
were not tied to the still face episode, suggesting that both
groups of infants perceived and reacted to a break in
contingent interaction with the caregiver. However, as only
one infant in the Yirmiya study was subsequently diag-
nosed with autism and diagnostic outcome data was not
available for infants in the Cassel and Ibanez samples, no
deﬁnitive conclusions can be drawn regarding the extent to
which early social communicative behaviors may be dis-
rupted in infants who go on to receive a diagnosis of aut-
ism. Indeed, in a follow-up of the Merin et al. sample, none
of the infants in the high-risk group who were subsequently
diagnosed with autism were in the subgroup that looked
mostly to the mouth at 6 months of age (Young et al.
2009). These results suggest that atypical behaviors iden-
tiﬁed among infant siblings of children with autism as a
group may not be informative regarding early signs of
autism. Consequently, we examined whether measures of
infants’ gaze and affect during the SFP and during a free
play interaction with the caregiver at 6 months of age
capture early social impairment among autism siblings who
are subsequently diagnosed with an ASD compared to
siblings whose outcomes reﬂect typical development and to
low-risk controls.
While a mutual sharing of attention and affect during
face-to-face social exchanges characterizes the earliest
social interactions, toward the end of the ﬁrst year of life
infants begin to coordinate their attention and interest with
others about external objects and events (Bakeman and
Adamson 1984; Bruner and Sherwood 1983; Carpenter
et al. 1998). Such joint attention behaviors represent a core
area of impairment for children with autism well into the
preschool years and beyond. Compared to typically
developing or developmentally delayed children, children
with autism are less likely to use eye contact, affect, and
gestures to share and direct their interactive partners’
attention to objects of interest, as well as to respond to the
attention-directing cues of others. Their use of these
behaviors for more instrumental purpose, such as pointing
to obtain an object, is less impaired (Dawson et al. 2004;
Mundy et al. 1986; Sigman and Ruskin 1999).
A growing body of research suggests that these deﬁcits
may be among the earliest diagnostic indicators of ASD
(Baranek 1999; Charman et al. 1997; Osterling and Daw-
son 1994). Longitudinal studies of infant siblings of chil-
dren with autism indicate that measures of joint attention
and requesting skill may be sensitive to early manifesta-
tions of autism and the broader phenotype from 14 to
24 months (Cassel et al. 2007; Landa et al. 2007; Mitchell
et al. 2006; Sullivan et al. 2007; Toth et al. 2007; Yirmiya
et al. 2006). However, the particular domains affected and
the ages at which group differences emerge vary greatly
across studies, particularly with respect to those siblings
who do not go on to be diagnosed with autism. The present
study focuses on a large sample of both affected and
unaffected siblings of children with autism with the aim of
clarifying the extent to which speciﬁc deﬁcits in joint
attention, or more general deﬁcits in nonverbal communi-
cation that include both sharing/directing attention and
requesting behaviors, may be observed in these two groups
at 12 months of age.
We hypothesized that infants who go on to be diagnosed
with autism or ASD will direct fewer looks, smiles, and
vocalizations toward their caregiver at 6 months of age
than low-risk controls, and that they will be less affected by
the disruption of contingent interaction in the SFP, as
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in the ‘‘still face’’ portion of the procedure. We further
hypothesized that at 12 months, these infants will exhibit
deﬁcits in initiating joint attention and responding to distal
points. Broader autism phenotype effects, reﬂected in
comparisons of non-affected autism siblings and low-risk
controls, were expected to manifest in more subtle, quali-
tatively similar differences, including a diminished still
face effect and less pronounced nonverbal communication
deﬁcits.
Methods
Participants
Participants were recruited through an ongoing longitudi-
nal study of the development of infant siblings of children
with autism (high-risk group) or typical development (low-
risk group), conducted at UCLA and UC Davis. Infants
entered the study at 6,
1 12, or 18 months of age and,
depending on age of entry, were re-assessed at 12, 18, and
24, and 36 months. The sub-sample described in the cur-
rent report (n = 167) includes infants recruited by 6 or
12 months of age who had diagnostic outcome data
available for at least one time-point between 24 and
36 months.
Eligibility criteria included English as the primary lan-
guage spoken in the home, and birth at or after 36 weeks of
gestation. Further inclusion criteria for the high-risk group
included at least one older sibling with a previous clinical
diagnosis on the autism spectrum, with no other medical
conditions associated with autism (e.g., Fragile X, Tuber-
ous Sclerosis). Diagnoses of ASD in the older siblings were
conﬁrmed using the Autism Diagnostic Interview-Revised
(ADI-R; Lord et al. 1994), the Autism Diagnostic Obser-
vation Schedule (ADOS; Lord et al. 2000), and DSM-IV
criteria (APA 1994) at UCLA, and via the ADOS and
Social Communication Questionnaire (SCQ; Rutter et al.
2003) at UC Davis. Inclusion criteria for the low-risk group
included lack of developmental, learning, or medical con-
ditions in any older sibling, and no ASD diagnoses in the
extended family. Parents of low-risk infants additionally
completed the SCQ to rule out autistic symptomatology in
all older siblings.
Descriptive information about the sample is provided in
Table 1. The composition of the samples of infants varies
across the three sets of analyses reported herein, with much
overlap between the samples. Details regarding sample
sizes across analyses and missing data are provided in
Table 2.
Developmental Assessments
The Mullen Scales of Early Learning (MSEL; Mullen
1995) was administered at each visit. The MSEL is a
normed standardized developmental measure of language
and cognitive functioning that provides age equivalent and
standard scores (M = 50, SD = 10) from birth to
68 months of age on four separate subscales: visual
reception, ﬁne motor, expressive language, and receptive
language. It also provides an overall standardized score of
intellectual functioning, the Early Learning Composite
(M = 100, SD = 15). Age equivalents from the two lan-
guage domain scores were averaged to generate a verbal
mental age, and age equivalents from the ﬁne motor and
visual reception domain scores were averaged to generate
nonverbal mental age (see Table 1).
Diagnostic Classiﬁcation
Infants were screened for autistic symptomatology at 18,
24, and 36 months using the ADOS (Lord et al. 2000), a
structured observational measure comprised of play-based
activities that elicit behaviors relevant to a diagnosis of
autism spectrum disorders. Diagnostic classiﬁcation on the
ADOS is generated by means of an empirically derived
algorithm, using score thresholds in social reciprocity,
communication, as well as a combination of these two
domains. Diagnostic algorithm cut-off scores are provided
both for Autism and Autism Spectrum. Examiners were
trained and conﬁrmed reliable to administer and score the
ADOS according to its authors’ speciﬁcations.
In addition, at each site a clinician reviewed the case
ﬁles of all participants who demonstrated features of ASD
at any time point. Based on the child’s ADOS scores and
behavioral observations of the child’s behavior during
testing, the clinician determined whether the child met
diagnostic criteria for autism or autism spectrum disorder
utilizing symptom criteria outlined in the DSM-IV.
For the purposes of the present analyses, children’s
diagnostic outcome classiﬁcations were based on their
ADOS scores and clinician judgment at 36 months
(n = 148) or, in cases where an infant had not been seen
for the 36-month assessment visit (n = 19), their 24-month
ADOS scores and DSM-IV criteria. Three groups were
generated. The ASD group consists of 17 infants, all of
whom met criteria for Autism or Autism Spectrum at
36 months based on ADOS and clinician judgment. 15 of
these infants are in the high-risk group, and the remaining
two initially enrolled in the low-risk group. The NoASD-
sib group consists of 84 infants in the high-risk group who
1 A subset of the infants in the low-risk control group (n = 45) and
the autism sibling group (n = 11) were recruited prior to 6 months of
age.
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ADOS and DSM-IV criteria. All but 12 of the infants were
seen through 36 months. The TD group consists of 66
infants in the low-risk group, none of whom met criteria for
autism or ASD based on the ADOS and clinician judgment.
All but 7 of the infants were seen through 36 months.
Infants in the high-risk group whose outcome diagnosis
was based on the 24-month visit were included in the
NoASD-sib group on the basis of their 24-month ADOS
scores and a clinician’s judgment that there were no con-
cerns of ASD. Two factors further justify the inclusion of
these infants in the NoASD-sib outcome group. Of the
infants in the NoASD-sib group whose outcomes were
conﬁrmed at 36 months, none raised concerns of ASD
when evaluated by a clinician at the 24-month visit. In
contrast, all of the infants in the ASD group were ﬂagged
by clinician judgment as showing signs of ASD at
24 months. Based on these data, high-risk infants who did
not meet ADOS cutoffs and did not raise clinical concerns
at 24 months were included in the non-affected autism
sibling group.
The ADOS communication and social interaction total
score and measures of developmental functioning from the
MSEL at outcome for the three groups of infants are pro-
vided in Table 1.
Table 1 Sample characteristics
Assessment-related data is
presented as Mean (SD). 6- and
12-month chronological and
mental-age data is reported in
months. T-tests indicate the
ASD group and NoASD-sib
groups differ from the TD group
as follows: * p\.05,
** p\.001
a ASD = 16; NoASD-
sib = 82; TD = 65 (4 missing)
b ASD = 16; NoASD-
sib = 79; TD = 63 (9 missing)
c ASD = 17; NoASD-
sib = 82; TD = 65 (3 missing)
ASD NoASD-sib TD
Gender (% male) 82 44 55
Race (% white) 65 62 64
Maternal education
a
High school/some college (%) 25 22 15
College degree (%) 62 40 40
Graduate/professional degree (%) 13 38 45
Family income
b
Less than $50k (%) 25 14 19
$50k to $100k (%) 31 39 25
More than $100k (%) 44 47 56
6-month analyses
Chronological age 6.3 (0.9) 6.1 (0.5) 6.2 (0.2)
Verbal mental age 5.9 (1.5) 5.6 (0.7) 5.8 (0.8)
Nonverbal mental age 6.8 (2.3) 6.8 (1.2) 7.0 (1.2)
12-month analyses
Chronological age 12.0 (0.4) 12.2 (0.4) 12.1 (0.3)
Verbal mental age 9.8 (1.7)** 12.0 (1.8) 11.8 (2.0)
Nonverbal mental age 13.4 (1.3)** 14.8 (1.5) 14.8 (1.5)
Outcome visit
c
ADOS communication ? social total 13.7 (3.3)** 2.9 (2.2)* 2.1 (2.1)
Expressive language standard score 42.6 (14.2)** 53.6 (9.0)* 56.7 (8.1)
Receptive language standard score 40.5 (14.1)** 51.1 (11.3) 53.0 (11.0)
Early Learning Composite 84.3 (24.7)** 109.5 (17.6) 108.4 (19.7)
Table 2 Sample sizes for enrollment, analysis, missing data, and age
at outcome
ASD NoASD-sib TD
Sample
Enrolled at B6 months 15 62 61
Enrolled at 12 months 2 22 5
Total 17 84 66
6-month analyses
Data available
a 94 6 3 8
Missing SF 0 0 10
Missing MCX 1 5 3
12-month analyses
Data available 17 84 66
Missing ESCS 0 3 6
Outcome visit
36 months 17 73 59
24 months 0 11 7
SF still face procedure, MCX mother–infant free play interaction,
ESCS early social communication scales
a The discrepancy between the number of infants enrolled at
6 months and the number available for 6-month analyses stems from
the fact 45 infants (6 in the ASD group, 16 in the NoASD-sib group,
and 23 in the TD group) enrolled in the study at 6 months, but this
occurred after the 6-month coding had already been completed
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123Free Play Mother–Infant Interaction at 6 Months
Infants were seated in an infant seat placed on a table, and
mothers were asked to sit in a chair, facing their infant.
Mothers were instructed to interact with the infant for
1 min without touching the infant and without using any
toys. The purpose of this interaction was to examine the
extent to which infants would direct attention and affect
toward their caregiver without the additional aid of objects
and physical stimulation. The interactions were videotaped
with a split screen, with one camera focused on the infant
and a second camera focused on the caregiver. Mother–
infant interaction data were not available for one infant in
the ASD group, ﬁve infants in the NoASD-sib group, and
three infants in the TD group due to infant fussiness,
deviations from the protocol, and video capture issues.
Infant behaviors were subsequently coded during sepa-
rate passes through the video by coders who remained
blind to infants’ group afﬁliation and developmental out-
comes. Onsets and offsets of the following behaviors were
recorded: gaze to mother’s face, smile, and non-distress
vocalization. Inter-rater reliability, based on the percentage
of overlap in the duration of each behavior in real time
(from onset to offset of each behavior), was 95% for infant
gaze, 85% for infant smile, and 93% for infant vocaliza-
tion. Kappa coefﬁcients for agreement on onset and offset
times within each behavior category, with a tolerance
window of 1 s, were as follows: .90 for gaze, .82 for smile,
and .83 for vocalization.
Based on the individual behaviors, a number of vari-
ables were derived. These included frequencies of each of
the infant behaviors noted above (i.e., the number of onsets
for each behavior, regardless of its duration) and the total
duration of each behavior. Two additional behaviors were
deﬁned based on combinations of individual behaviors:
social smile (smile co-occurring with gaze to the mother’s
face) and social vocalization (non-distress vocalization
co-occurring with gaze to the mother’s face). Because the
length of the interaction varied across dyads (M = 62.4 s,
SD = 11.5), frequencies and durations of all behaviors
were converted, respectively, to rates per minute and per-
cent durations.
Still Face Procedure at 6 Months
Following the free-play interaction, infants and their
caregivers participated in a modiﬁed version of Tronick’s
(Tronick et al. 1978) Still Face Procedure (SFP). Brieﬂy,
this procedure consisted of another 1-min free play episode
(parents were allowed to touch the infant), followed by a
1-min still face episode during which the mother was asked
to withdraw from the interaction, assume a neutral
expression, and to remain unresponsive, and ended with a
1-min reunion episode during which the mother was
instructed to re-engage her baby. Infants remained in the
infant seat for the duration of the SFP. The steps of the SFP
procedure were thoroughly explained to the caregiver prior
to the beginning of the interaction. An examiner sat behind
the infant and in view of the caregiver in order to unob-
trusively signal when the caregiver was to move from one
SFP episode to the next. Mother and infant were video-
taped in the manner noted above for the free play
interaction.
Infants’ gaze and affect in the SFP were coded in two
separate passes through the video by a coder blind to
infants’ group afﬁliation and outcome. SFP data were not
coded for ten infants in the TD group due to infant fussi-
ness, deviations from the protocol, and video capture
issues. Based on the coding system employed in the Yir-
miya et al. (2006) study, gaze behavior was coded in 1-s
intervals into one of ﬁve mutually exclusive and exhaustive
categories: gaze to the mother’s face, gaze to the mother’s
body (not including face), gaze to object (e.g., infant seat
strap), averted gaze (away from the mother’s face and body
and not focused on an identiﬁable object), and eyes closed.
Kappa coefﬁcients indicated good reliability for infant gaze
behaviors for the three episodes: .88 for the social play
episode, .90 for the still face episode, and .92 for the
reunion episode. Infant facial affect was coded in 5-s
intervals into one of six mutually exclusive and exhaustive
categories: very negative, negative, neutral/interest, posi-
tive, and very positive. Due to the very low frequency of
very positive and very negative affect, the six affect cate-
gories were reduced as follows: negative affect (very
negative and negative), neutral (neutral/interest), and
positive (very positive and positive). Inter-rater reliability
for affect, as assessed by Kappa coefﬁcients, was .83 for
the free play episode, .85 for the still face episode, and .83
for the reunion episode.
Nonverbal Communication at 12 Months
Infants were administered the Early Social Communication
Scales (ESCS; Mundy et al. 2003), a 15–25 min structured
observation that measures triadic nonverbal communica-
tion skills.
2 The child and an examiner sat facing each
other at a small table, with a set of toys (e.g., wind-up,
trapeze, balloon) in view but out of the child’s reach. The
2 In line with previous literature, we use the term nonverbal
communication to refer to triadic nonverbal communication skills
(i.e., between two people in reference to objects or events) measured
by the ESCS. We draw a conceptual distinction from the face-to-face
nonverbal communication that is the focus of the 6-month analyses.
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123examiner presented the toys to the child one at a time and
played a series of games aimed at eliciting turn taking. At
two points during the procedure, the examiner pointed to
posters to the left, right, and behind the child while saying
the child’s name emphatically three times. Finally, the
examiner brought out a picture book and pointed to three
pictures on 3 successive pages while saying the child’s
name.
Trained observers recorded frequencies of child com-
municative acts falling into one of three mutually exclusive
categories, derived from a coding system developed by
Mundy et al. (2003). Initiating Joint Attention (IJA) refers
to the child’s use of gaze and gesture to initiate shared
attention with the examiner about objects or events of
interest to the child. IJA behaviors were grouped into low-
level joint attention (IJA_low), which included making eye
contact with the examiner while manipulating a toy and
alternating gaze between an active toy and the examiner,
and high-level joint attention (IJA_high), which included
pointing to objects of interest (with or without eye contact)
or clearly holding up an object to show it to the examiner.
Initiating Behavior Regulation (IBR) refers to the child’s
use of eye contact and gesture to elicit aid in obtaining
or activating a toy. Low-level requesting behaviors
(IBR_low) included making eye contact to request a toy, or
reaching or otherwise motioning toward a desired toy (with
or without eye contact). High-level requesting behaviors
(IBR_high) included pointing to a desired, out-of-reach toy
or giving an object to the examiner for the purpose of
obtaining assistance with operating it (with or without eye
contact). Responding to Joint Attention (RJA) refers to the
child’s ability to follow the tester’s line of regard and
pointing gestures, and consisted of the number of times the
child turned his gaze in the direction of the examiner’s
points to posters on the wall (RJA_dist; max = 6) and
pictures in a book (RJA_prox; max = 9). Reliability was
assessed via intra-class correlations (Shrout and Fleiss
1979) based on 15% of the sample; these ranged from .91
to .97, with a mean of .94.
ESCS data were not available for three infants in the
NoASD-sib group and six infants in the TD group due to
video capture issues and, in one case, a missed appoint-
ment. Due to varying degrees of infants’ interest in the toys
and differences in the amount of time each toy was pre-
sented to the child, the length of the ESCS varied between
9.2 and 34.8 min (M = 18.9, SD = 4.9). There were group
differences in the length of the ESCS.
3 Thus, the four IJA
and IBR behaviors were expressed as rates per minute with
respect to the total duration of the ESCS. A subset of
participants was administered fewer than the required
number of point-following trials due to changes in the
study protocol (2 ASD, 11 NoASD-sib, 1 TD) and exper-
imenter error (1 ASD, 5 NoASD-sib, 2 TD). Nevertheless,
the number of correct responses to the point-following
tasks was not correlated with the total number of trials
administered, both in the sample as a whole (r =- .02,
p = .78) and in the sub-sample of infants with fewer than
the required number of trials (r =- .23, p = .28). More-
over, there was no difference between the groups in the
proportion of infants with fewer than 6 trials, v
2
(n = 2) = 2.2, p = .33.
Data Analytic Plan
Variables from the free-play interaction, SFP, and ESCS
represent frequencies of individual infant behaviors, and
were modeled as count data using the Poisson Regression
Model (PRM) or, in cases of signiﬁcant overdispersion
(i.e., variance[mean), the Negative Binomial Regression
Model (NBRM). The interpretation of these models
involves assessing how changes in the independent vari-
ables affect the conditional mean and the probabilities of
various counts on the dependent variable. The appropri-
ateness of using count models over standard linear models
to analyze the data was conﬁrmed through visual inspec-
tion of the distribution of these variables and skewness
statistics, which indicated most variables were non-nor-
mally distributed with signiﬁcant positive skew, thus vio-
lating the distributional assumptions of ordinary least
squares regression (Long and Freese 2006). A large num-
ber of zero counts for many variables precluded data
transformations to satisfy the distributional assumptions of
ANOVA.
Data from the SFP were analyzed with random effects
NBRM, with episode as the repeated measure, utilizing the
xtnbreg command in STATA version 10.1. The cross-
sectional analyses of free play interaction and ESCS were
conducted using PRM or, in cases of signiﬁcant overdis-
persion, the NBRM, utilizing the poisson or nbreg com-
mands in STATA. Count models readily incorporate
individual differences in the length of interaction via an
‘exposure’ variable. The duration of the free play interac-
tion and of the ESCS, the total number of pointing trials
administered in the ESCS, and the total number of 1-s gaze
intervals and 5-s affect intervals coded per still face epi-
sode were included in the analysis as exposure variables.
Age, site, and gender were included as potential covariates
in all analyses. There were no sex differences in any of the
outcome measures.
3 The average length of the ESCS for infants in the ASD group
(M = 21.2, SD = 4.9) was signiﬁcantly longer than the NoASD-sibs
(M = 17.9, SD = 3.7) but it did not differ from the TD controls
(M = 19.4, SD = 5.6). The effect size for this difference is small
(gp
2 = .05).
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Still Face Procedure
SFPanalysesincluded9infantsintheASDgroup,46infants
in the NoASD-sib group, and 28 infants in the TD group.
Descriptivestatisticsforpercentdurationsofinfantgazeand
affect categories are presented in Table 3. Instances of eyes
closed, gaze to object, and gaze to mother’s body were rel-
atively infrequent; thus, our analysis focused on gaze to the
mother’s face and gaze aversion. Most infants spent the
majority of the time in neutral affect; thus, analyses focused
onpositiveandnegativeaffect,asthesecapturedmoreofthe
individual differences among infants.
4
We conducted separate negative binomial regressions
for each gaze and affect category of interest, with time and
group main effects, time 9 group interactions, and age,
site, and gender as potential covariates (see Table 4). Only
statistically signiﬁcant covariates are reported in the anal-
yses below. The dependent variables included the number
of 1-s intervals (gaze) and the number of 5-s intervals
(affect) coded into the gaze and affect category of interest.
Gaze Analyses
The full NBRM model for gaze to the mother’s face, with
age as a covariate, was signiﬁcant. The overall group by
episode interaction was not signiﬁcant, (v(4)
2 = 0.73,
p = .95); thus, we present the main effects analysis, with
age retained as a covariate (v(5)
2 = 59.38, p\.001). There
was a trend toward a signiﬁcant group effect (v(2)
2 = 5.34,
p = .07), with infants in the ASD group demonstrating
greater amounts of gaze to the mother’s face across the
three still face episodes compared to the TD group (see
Fig. 1). The main effect of episode was signiﬁcant
(v(2)
2 = 45.64, p\.001). Across the three groups, there
was a signiﬁcant decrease in gaze toward the mother’s face
from the play episode to the still face episode and a
rebound of gaze to the mother’s face to near-baseline levels
in the reunion episode conﬁrming the presence of still face
and reunion effects.
The NBRM for gaze away from the mother was sig-
niﬁcant. However, the overall interaction of group and
episode was not signiﬁcant (v(4)
2 = 5.29, p = .26). Main
effects analysis (v(4)
2 = 35.44, p\.001) indicated no sig-
niﬁcant effect of group on the amount of gaze aversion
across the SFP (z = 2.39, p = .3). The main effect of
episode was signiﬁcant (v(2)
2 = 36.9, p\.001). Infants
spent signiﬁcantly more time with averted gaze during the
still face compared to the play episode, and the amount of
gaze aversion in the reunion rebounded to baseline levels,
conﬁrming the presence of the still face and reunion effects
in this sample (see Fig. 1).
Affect Analyses
The full NBRM for positive affect, with site as a covariate,
was signiﬁcant. Because the group by episode interaction
was not signiﬁcant, (v(4)
2 = 3.98, p = .41), we present the
main effects analysis, with site retained as a covariate
(v(5)
2 = 125.48, p\.001). The main effect of group was
not signiﬁcant (v(2)
2 = 2.64, p = .27), indicating no group
differences in infants’ display of positive affect in the SFP.
The main effect of episode was signiﬁcant (v(2)
2 = 113.27,
p\.001). Infants spent signiﬁcantly less time smiling in
the still-face episode compared to the play episode, and
their positive affect in the reunion episode remained below
baseline levels demonstrating the carry-over effects of the
still face (see Fig. 1).
Table 3 Proportion of intervals infants spent in each gaze and affect category across episodes of the Still Face Procedure
ASD (n = 9) NoASD-sib (n = 46) TD (n = 28)
Play Still Reunion Play Still Reunion Play Still Reunion
Gaze
Mother’s face 48.3 (26.1) 26.9 (11.9) 44.2 (27.1) 40.5 (26.7) 24.6 (25.2) 35.6 (24.3) 39.8 (21.4) 20.7 (17.9) 35.1 (22.6)
Mother’s body 11.1 (17.3) 0.4 (0.7) 6.0 (8.2) 9.5 (14.1) 0.62 (2.6) 6.4 (10.4) 8.9 (11.3) 4.1 (15.1) 4.3 (11.2)
Away/avert 39.0 (27.3) 63.0 (7.2) 30.2 (18.3) 44.2 (26.4) 62.2 (26.9) 50.0 (27.1) 48.1 (23.9) 64.5 (22.1) 56.6 (26.3)
Object 0.17 (0.5) 8.3 (13.3) 16.2 (31.8) 2.9 (7.1) 11.8 (19.6) 4.8 (9.8) 1.8 (6.8) 9.4 (16.3) 1.3 (4.0)
Eyes closed 1.5 (3.9) 0.4 (0.7) 1.1 (2.6) 1.6 (4.6) 0.75 (3.4) 1.6 (7.2) 1.1 (3.9) 1.2 (4.2) 1.6 (6.9)
Affect
Positive 45.7 (25.0) 1.9 (3.7) 31.7 (32.7) 39.2 (29.7) 4.6 (8.4) 22.1 (23.2) 26.8 (23.9) 3.3 (6.2) 19.9 (20.8)
Neutral 54.3 (25.0) 81.1 (28.0) 53.7 (30.8) 56.3 (28.7) 86.3 (15.4) 65.2 (28.7) 71.3 (25.2) 82.1 (25.9) 62.5 (31.8)
Negative 0.00 17.1 (29.0) 14.7 (25.6) 3.6 (10.2) 8.9 (14.3) 12.3 (24.8) 1.4 (6.4) 14.5 (25.2) 17.2 (32.8)
All data is presented in the format Mean (SD)
4 Preliminary analyses indicated no group difference in neutral affect,
both across the entire SFP as well as within individual episodes.
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The overall interaction, however, was not signiﬁcant,
v(4)
2 = 3.88, p = .42. Results of the main effect analysis
with site as a covariate (v(5)
2 = 36.79, p\.001) indicated a
non-signiﬁcant group effect (v(2)
2 = 1.15, p = .56), and a
signiﬁcant effect of episode (v(2)
2 = 25.65, p\.001). As
can be seen in Fig. 1, infants showed signiﬁcantly more
negative affect in the still face compared to the baseline
play episode, with the amount of negative affect remaining
elevated relative to baseline in the reunion episode.
Mother–Infant Free Play Interaction
The sample included 8 infants in the ASD group, 41 infants
in the NoASD-sib group, and 35 infants in the TD group.
Descriptive statistics of rates (per minute) and percent
durations of individual infant behaviors are presented in
Table 5. Since group differences were hypothesized spe-
ciﬁcally with regard to socially-directed behaviors, analy-
ses focused on gaze to mother’s face, and smiles and
vocalizations co-occurring with gaze toward mother’s face
(social smile, social vocalization).
5 The dependent vari-
ables in the PRM and NBRM analyses included the total
number of times the child produced the behavior of inter-
est. There were no effects of age, site, and gender on rates
and percent durations of infants’ socio-communicative
behaviors.
The PRM predicting gaze to the mother’s face from
group status was not signiﬁcant (v(2)
2 = 0.16, p = .93),
indicating no impact of our diagnostic outcome grouping
on the frequency with which infants directed looks toward
their mother’s face. Similarly, NBRM analyses indicated
no effect of group on rates of infant social smiles
(v(2)
2 = 1.3, p = .52) and social vocalizations (v(2)
2 = 3.63,
p = .16). Thus, the three groups did not differ in the fre-
quency with which they directed looks, smiles, and
vocalizations toward their mothers.
With regard to the duration of infants’ socially-directed
behaviors, one-way ANOVA analyses revealed no group
differences in the proportion of time infants spent looking
toward their caregiver’s face, F(2, 81) = 1.12, p = .3. The
variables representing percent durations of infant social
smiles and social vocalizations were non-normally distrib-
uted with signiﬁcant positive skew; hence, these variables
were analyzed using nonparametric tests (Kruskal–Wallis).
There were no group differences in the proportion of
time infants smiled (v(2)
2 = 1.69, p = .43) and vocalized
(v(2)
2 = 3.41, p = .18) while looking at their mothers’ face.
Nonverbal Communication
The sample available for analyses consisted of 17 infants in
the ASD group, 81 infants in the NoASD-sib group, and 60
Table 4 Negative binomial
regression on multiple still face
outcomes
IRR incidence rate ratio, SE
standard error of IRR, CI
conﬁdence interval. Reference
categories are the TD group and
the (baseline) free play episode
Outcome Covariate IRR SE z-Score p-value 95% CI
Gaze to face Still episode 0.54 0.05 -6.56 \.001 0.45, 0.65
Reunion episode 0.92 0.07 -1.02 .31 0.78, 1.08
ASD 1.4 0.28 1.69 .09 0.95, 2.08
NoASD-sib 0.9 0.12 -0.78 .44 0.70, 1.17
Age 0.75 0.09 -2.26 .02 0.59, 0.96
Gaze avert/away Still episode 1.5 0.11 5.45 \.001 1.30, 1.74
Reunion episode 1.14 0.09 1.60 .11 0.97, 1.34
ASD 0.82 0.11 -1.46 .14 0.63, 1.07
NoASD-sib 0.89 0.08 -1.31 .19 0.76, 1.06
Positive affect Still episode 0.11 0.02 -10.47 \.001 0.07, 0.16
Reunion episode 0.66 0.08 -3.61 \.001 0.53, 0.83
ASD 1.46 0.44 1.27 .20 0.81, 2.64
NoASD-sib 1.33 0.26 1.45 .15 0.90, 1.97
Site 1.89 0.41 2.94 .003 1.24, 2.89
Negative affect Still episode 5.78 2.04 4.97 \.001 2.89, 11.56
Reunion episode 5.59 2.07 4.63 \.001 2.70, 11.56
ASD 0.93 0.68 -0.1 .92 0.22, 3.92
NoASD-sib 0.63 0.28 -1.03 .30 0.26, 1.52
Site 0.40 0.18 -2.00 .05 0.34, 21.03
5 These variables were not mutually exclusive. Correlations between
the rate of looks to the mother’s face and the rate of social smiles
(r = .05) and social vocalizations (r =- .12) were not signiﬁcant
(p[.3). The correlation between social vocalization and social smile
(r = .26) was signiﬁcant (p = .01). Correlations among percent
durations of these variables were all signiﬁcant at p\.001 level, and
ranged from .42 to .69.
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123infants in the TD group. Descriptive statistics regarding
rates of joint attention and requesting behaviors can be
found in Table 6. All variables showed evidence of over-
dispersion; hence, we conducted separate Negative Bino-
mial regressions for each variable of interest, with age, site,
and gender as potential covariates (see Table 7). Only
statistically signiﬁcant covariates are reported in the anal-
yses below. The length of the ESCS administration and
number of RJA point trials administered were included in
the analyses as exposure variables.
Group Differences in Initiating Joint Attention
The NBRM predicting IJA_low from outcome group status
and site was statistically signiﬁcant (v(3)
2 = 10.78,
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Fig. 1 Predicted number of 1-s (gaze) and 5-s (affect) intervals spent in each gaze and affect category of interest in the still face procedure. a
Gaze to mother’s face; b Gaze away from the mother; c Positive affect; d Negative affect
Table 5 Rates and durations of infant behaviors in the face-to-face interaction
ASD (n = 8) NoASD-sib (n = 41) TD (n = 35)
Rate % Duration Rate % Duration Rate % Duration
Gaze face 6.6 (3.0) 56.4 (27.8) 6.5 (2.4) 43.0 (22.0) 6.6 (2.5) 43.8 (24.3)
Smile 4.4 (2.3) 39.1 (23.9) 4.2 (2.0) 29.9 (21.8) 3.8 (2.5) 29.4 (25.5)
Social smile 3.6 (2.6) 33.4 (26.3) 3.0 (1.9) 21.3 (17.8) 2.8 (2.0) 21.2 (20.1)
Vocalization 2.0 (2.7) 3.2 (5.6) 3.7 (3.8) 7.1 (9.9) 4.1 (4.5) 8.9 (12.5)
Social voc. 0.6 (1.0) 0.7 (1.2) 2.3 (2.8) 4.4 (5.8) 2.3 (3.1) 5.0 (8.5)
Rates (per minute) and percent durations are in the form Mean (SD)
Table 6 Rates of joint attention and requesting behaviors at
12 months
ASD (n = 17) NoASD-sib (n = 81) TD (n = 60)
IJA_low 1.08 (0.59) 1.16 (0.55) 1.09 (0.58)
IJA_high 0.04 (0.12) 0.11 (0.17) 0.13 (0.15)
IBR_low 0.39 (0.21) 0.61 (0.36) 0.64 (0.38)
IBR_high 0.13 (0.16) 0.44 (0.33) 0.41 (0.39)
RJA_dist (%) 11.8 (18.4) 34.2 (32.0) 28.8 (29.4)
RJA_prox (%) 57.1 (33.4) 59.4 (25.1) 62.9 (27.3)
IJA and IBR variables are expressed as a rate per minute; RJA
variables are expressed as a percentage of correct responses. All
variables are in the form Mean (SD)
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123p = .01). Controlling for site, there were no differences
between the three groups in rates of low-level joint atten-
tion bids. The predicted rates for low-level joint attention
bids were 1.08 for the ASD group, 1.14 for the NoASD-sib
group, and 1.08 for the TD group. Thus, on average, infants
across the three groups produced about one low-level joint
attention bid per minute.
The NBRM predicting IJA_high from group was mar-
ginally signiﬁcant (v(2)
2 = 5.1, p = .07). Infants in the ASD
group had lower expected rates of joint attention points and
shows relative to infants in the TD group (z =- 2.36,
p = .02) and infants in the NoASD-sib group (z =- 2.15,
p = .03). There were no differences between the NoASD-
sib group and the TD group (z =- 0.46, p = .65). The
predicted rate of high-level joint attention bids for the
NoASD-sib group was .11 and for the TD group was 0.13,
which amounts to about 1 bid per 9 min. In contrast, the
predicted rate for the ASD group was 0.04, or about 1 bid
per 25 min.
Group Differences in Initiating Behavior Regulation
The NBRM predicting IBR_low from group status was
statically signiﬁcant (v(2)
2 = 8.2, p = .02). The ASD group
had lower expected rates of IBR_low than TD group (z =
-2.91, p = .004) and the NoASD-sib group (z =- 2.7,
p = .007). There were no differences between the NoASD-
sibs and the TD group (z =- 0.46, p = .65). The predicted
rates for the NoASD-sibs and TD infants were 0.61 and
0.63, respectively (about 6 bids per 10 min), whereas the
predicted rate for the ASD group was 0.4, or about 4 bids
per 10 min.
Finally, the NBRM predicting IBR_high from group
status was also statically signiﬁcant (v(2)
2 = 15.8,
p\.001). The ASD infants had lower expected rates of
IBR_high than infants in the TD group (z =- 3.93,
p\.001) and the NoASD-sib group (z =- 4.33,
p\.001). There were no differences between the NoASD-
sibs and infants in the TD group (z = 0.53, p = .6). The
predicted rate of high level requesting bids for infants in
the NoASD-sib and TD groups was 0.4, or 4 bids per
10 min, whereas the predicted rate for the ASD group was
0.12 (1.2 bids per 10 min).
Group Differences in Responding to Joint Attention
Group differences in infants’ ability to follow the exam-
iner’s distal points to posters on the wall (RJA_dist) and
proximal points to pictures in a book (RJA_prox) were
analyzed using NBRM, with the number of points admin-
istered as the exposure variable. The model predicting rate
of RJA_dist from group, with age and site as covariates,
was signiﬁcant, (v(4)
2 = 27.12, p\.001). Infants in the
ASD group responded to signiﬁcantly fewer of the exam-
iner’s distal points than NoASD-sibs (z = 2.32, p = .02)
and infants in the TD group (z = 2.71, p = .007). There
were no signiﬁcant differences between the NoASD-sibs
and TD infants (z = .8, p = .43). There were no group
differences in infants’ capacity to follow the examiner’s
points to pictures in a book, v(2)
2 = 0.75, p = .69.
Discussion
Across analyses reported herein, we replicated recent
ﬁndings indicating little evidence that infants who are
diagnosed with an ASD at 36 months of age can be dif-
ferentiated from non-diagnosed autism siblings and low-
risk controls at 6 months of age on the basis of early dis-
turbance in socially directed behaviors or in sensitivity to a
disruption in contingent interaction with the caregiver.
However, by 12 months, these infants exhibited delays in
nonverbal communication that cut across joint attention
and requesting domains. In contrast, in the group of sib-
lings of children with autism who did not go on to meet
diagnostic criteria for an ASD, we found no evidence of
early deﬁcits in social interaction at 6 months or in non-
verbal communication at 12 months, which we expected to
index the presence of the broader autism phenotype.
Contrary to our hypotheses, infants who were diagnosed
with an ASD at 36 months were just as likely to direct
gaze, smiles, and vocalizations toward their caregiver
during a brief free play interaction at 6 months as low-risk
Table 7 Negative binomial regression on joint attention and behav-
ior regulation variables
Outcome Covariate IRR SE z-score p-value 95% CI
IJA_low ASD 1.01 0.14 0.10 .92 0.77, 1.3
NoASD-sib 1.05 0.09 0.55 .58 0.87, 1.24
Site 0.73 0.07 -3.27 .001 0.60, 0.88
IJA_high ASD 0.31 0.15 -2.36 .02 0.12, 0.82
NoASD-sib 0.88 0.24 -0.46 .65 0.52, 1.5
IBR_low ASD 0.62 0.1 -2.91 .004 0.45, 0.86
NoASD-sib 0.96 0.09 -0.46 .65 0.79, 1.16
IBR_high ASD 0.3 0.09 -3.93 \.001 0.17, 0.56
NoASD-sib 1.09 0.18 0.60 .6 0.79, 1.51
RJA_dist ASD 0.43 0.16 2.32 .02 0.21, 0.88
NoASD-sib 1.15 0.20 0.80 .43 0.82, 1.6
Age 1.65 0.36 2.29 .02 1.07, 2.52
Site 2.12 0.37 4.29 \.001 1.51, 3.0
RJA_prox ASD 0.91 0.11 -0.74 .46 0.71, 1.17
NoASD-sib 0.95 0.07 -0.68 .50 0.82, 1.1
IRR incidence rate ratio, SE standard error of IRR, CI conﬁdence
interval. Reference category is the TD group
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123controls. This ﬁnding, which held for both duration and
frequency measures of the behaviors, was surprising given
the well documented deﬁcits in social gaze and social
smiling, difﬁculties perceiving and interpreting the social
cues of others, and deﬁcits in emotional responsiveness
among preschool age children with autism. Perhaps a more
microanalytic analysis of the timing of infant behaviors in
relation to the caregiver over a longer period of observation
could reveal subtle qualitative differences in early social
engagement of infants with autism, such as the lower
synchrony in infant-led interactions among non-affected
siblings previously documented by Yirmiya et al. (2006).
Nonetheless, at present we suggest that global measures of
the frequency and amount of time infants spend looking at
their caregivers and coordinating their gaze with other
communicative behaviors such as vocalizations and smiles,
do not reveal evidence of autism-speciﬁc deﬁcits at
6 months of age.
Infants subsequently diagnosed with an ASD were also
equally sensitive to a disruption of contingent social
interaction by their caregiver in the SFP, as evidenced by a
decrease in smiling and gaze toward the mother’s face and
increased gaze aversion and negative affect when she
withdrew from interaction. The caregiver’s sudden with-
drawal from interaction is an extremely powerful social cue
for young infants (Adamson and Frick 2003), and thus the
still face effect may in fact be too robust to capture early
autism-speciﬁc deﬁcits. Indeed, the sole group difference
in the SFP was a statistical trend toward a greater amount
of overall time spent looking toward the caregiver’s face
across the three episodes of the SFP by infants in the ASD
group compared to infants in the other two groups. While
this result echoes the Ibanez et al. (2008) ﬁnding of lower
frequency of gaze shifts and longer mean durations of gaze
at the mother’s face among infants at-risk for ASD, it is
important to note that a similar result was not observed in
the same group of infants in the free play interaction, which
included more detailed coding of the onsets and offsets of
gaze shifts toward and away from the mother. Thus, the
increased attention to the caregiver’s face documented in
the SFP was not a stable characteristic of infants subse-
quently diagnosed with ASD in the present study.
In sum, our results indicate that previous ﬁndings of
reduced social orienting (Osterling and Dawson 1994;
Osterling et al. 2002) and atypicalities in eye contact
and social smiling (Zwaigenbaum et al. 2005) among
12-month-old infants subsequently diagnosed with autism
cannot be extended downward to 6 months. Although the
small number of affected infants reduced our statistical
power to detect group differences at 6 months, our ﬁndings
nonetheless substantiate the results from other longitudinal
studies of infant siblings indicating no clear behavioral
markers for ASD at 6 months (Landa et al. 2007; Ozonoff
et al. 2010; Zwaigenbaum et al. 2005). Despite recognition
that autism is a neurodevelopmental disorder, and evidence
that the underlying brain abnormality may be present from
birth (Bauman and Kemper 2005; Nelson et al. 2001;
Rodier et al. 1996), the limited and largely undifferentiated
behavioral repertoires of very young infants may not allow
us to distinguish clinically meaningful behavioral signs of
autism in infancy.
Measures of high level initiating joint attention,
responding to joint attention, and requesting behaviors
were sensitive to early manifestations of autism at
12 months of age. As predicted, infants subsequently
diagnosed with an ASD were less likely to direct the
examiner’s attention to toys of interest via pointing and
showing gestures and to respond to her attention-sharing
bids than infants in the other two groups. These ﬁndings
support current practices in autism screening, which
incorporate a failure to point to objects, to hold objects up
for others to see, and to respond to the pointing gestures of
others as red ﬂags for ASD in the ﬁrst two years of life
(Bryson et al. 2008; Lord et al. 2000; Robins et al. 2001;
Stone et al. 2000). A lack of group differences in low-level
joint attention behaviors, such as alternating gaze between
an active toy and the examiner, was surprising. The highly
structured setting of the ESCS may have proved optimal in
eliciting joint attention looks from the infants, as
researchers have noted that children with autism perform
considerably better in situations where the number of
stimuli is limited and presented in a routine, predictable
manner (Dawson et al. 2000). An analysis of spontaneous
joint attention bids in unstructured play settings, where the
child is free to move about and there are multiple objects
competing for his attention, is warranted prior to con-
cluding that low-level joint attention behaviors are not
disrupted within the ﬁrst year of life among infants who go
on to be diagnosed with autism.
Contrary to evidence from studies with preschool age
children, which indicate deﬁcits in joint attention but not
requesting behaviors differentiate children with autism
from neurotypical and developmentally delayed children
(Sigman and Ruskin 1999), infants in the ASD group
exhibited lower rates of both low and high level requesting
behaviors relative to unaffected siblings and comparison
infants. These ﬁndings complement those of Landa et al.
(2007) who found that siblings who received a clinical
judgment of ASD by 36 months could be distinguished
from typically developing comparison infants and unaf-
fected siblings at 14 months on the basis of less frequent
initiation of both joint attention and requesting bids. Thus,
what appears to characterize risk for autism at 12 months is
not a speciﬁc failure to use gaze, affect, and gesture to
share attention for purely social purposes, but rather a more
general communicative deﬁcit in using such behaviors to
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123actively engage with others around both attention sharing
and requesting contexts.
The question of diagnostic predictiveness of speciﬁc
measures of joint attention and requesting requires further
empirical attention. As is expected at this early age (Bak-
eman and Adamson 1984; Butterworth and Jarrett 1991),
the low rate of responding on certain measures and large
standard deviations around group means on others indi-
cated large within-group variability in skill across both
affected and unaffected infants. The desire to push the
search for early markers for autism, and indeed the diag-
nosis itself, earlier in infancy will inevitably run up against
the normative variability in the development of early
social-communication skills. The fact that deﬁcits in joint
attention and requesting on a group level were identiﬁed in
the current study at an age when these behaviors are still
emerging is quite exciting, and provides new hope for
efforts to identify appropriate treatment targets for infants
and toddlers showing signs of autism (Kasari 2002).
Infants’ capacity to enter into early communicative
interactions allows them to learn from and through others
about the environment. Early joint attention behaviors play
a self-organizing function, whereby the child’s tendency to
initiate social attention coordination with others assures
social information input and experience presumed crucial
to promoting normative behavioral and neural development
(Bernier et al. 2006; Klin et al. 2005; Mundy and Neal
2001). In particular, episodes of object-mediated joint
engagement are deemed central to infants’ developing
understanding of others’ goals and intentions, and to the
emergence of language (Baldwin 1995; Tomasello 1995;
Tomasello et al. 2005). Viewed through this lens, the
deﬁcits in initiating joint attention and requesting identiﬁed
in the present study suggest that 12-month-old infants who
go on to be diagnosed with ASD may be far less likely to
create critical social experiences for themselves. The
implications of such early deﬁcits for the subsequent
development are underscored by evidence that individual
differences in the initiation of joint attention and gestures
in general predict language (Charman et al. 2003; Mundy
et al. 1990; Sigman and Ruskin 1999) and theory of mind
task performance (Charman et al. 2000) among young
children with autism, and prosocial behavior and play with
peers among adolescents with autism (Sigman and Ruskin
1999; Travis et al. 2001).
Turning to our NoASD siblings, we found no evidence
that domains that tap early manifestations of autism at
12 months represent areas of impairment for this group as a
whole. Although at ﬁrst glance our results contradict pre-
viously published reports of nonverbal communication
delays in non-autistic siblings of children with autism,
upon closer examination, the deﬁcits reported in those
studies are subtle and inconsistent. Toth et al. (2007) found
evidence of lower overall rate of communicating and use of
distal gestures but no differences in the frequency of spe-
ciﬁc behaviors such as gaze shifts, gaze/point following,
and requesting and joint attention gestures from 18 to
25 months of age. Cassel et al. (2007) and Yirmiya et al.
(2006) reported lower rates of high level requesting
behaviors at 12 and 14 months, respectively, but these
studies yielded conﬂicting ﬁndings with regard to IJA and
RJA impairments at 14–15 months. Finally, ﬁndings by
Landa et al. (2007) suggest that delays in RJA at 14 months
may only be evident in those siblings who subsequently
exhibit language delays or social impairments. Beyond
methodological considerations, these results suggest there
is little consensus regarding a speciﬁc proﬁle of deﬁcits in
this group.
It is important to note that our analyses focused on
investigating whether non-diagnosed siblings as a group
experience delays in social skills and nonverbal commu-
nication. Although this is a common approach in the infant
sibling literature (e.g., Cassel et al. 2007; Yirmiya et al.
2006; Toth et al. 2007), evidence from family studies
suggests that only a subset of older siblings and family
members may be affected by the BAP (Bailey et al. 1998;
Bolton et al. 1994). The practice of exploring features of
the BAP by considering all non-diagnosed siblings as
potentially demonstrating deﬁcits may in fact obscure
distinct subgroups of affected siblings, and place undue
emphasis on characterizing this group of children as a
whole as being atypical. Another approach has been to
create a BAP subgroup by identifying siblings who show
language and/or social delays at outcome, and then to
examine whether these infants exhibit signs of atypical
development in infancy (e.g., Landa et al. 2007; Sullivan
et al. 2007). However, to the extent that the question of
delineating the BAP, both in terms of the developmental
domains that are affected and in terms of the age at which it
ﬁrst emerges, is an empirical one, a priori deﬁning the BAP
based on selected outcome measures may also not repre-
sent the best approach.
Future research could rely on statistical clustering
techniques to identify subgroups of non-autistic siblings
that show deﬁcits across multiple domains, including lan-
guage and nonverbal communication, cognition, and social
skills. Ultimately, any evidence of an early BAP involving
social and communication deﬁcits in infancy will need to
be conﬁrmed through longitudinal follow-up to investigate
whether early deﬁcits persist, and whether they have
measurable consequences for subsequent social and emo-
tional functioning.
Several limitations of the study bear acknowledgement.
The composition of the sample varied across the analyses
reported herein. Moreover, not all infants in the present
sample were seen through the 36-month assessment visit.
298 J Autism Dev Disord (2011) 41:287–301
123However, it must be noted that all of the infants in the
ASD-group had been seen through 36 months of age, and
of those infants in the NoASD-sib group who had been
seen through the 24-month visit only, none exhibited any
behaviors indicative of autism at 24 months based on cli-
nician judgment. The ﬁnal limitation concerns the small
sample size in the affected sibling group for the 6-month
analyses, though it should be noted that the means and
standard deviations for rates and durations of communi-
cative behaviors in the affected group are nearly identical
as those in the other two groups. Nonetheless, the ﬁndings
of the present study should be replicated with a larger
sample of affected infants.
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